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1 

PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

Thb invention relates generally to plastically deforming and radially e)pandlng 
an expandalMe tubular member. 
S Backgiound of the Invention 

Conventionally, wtien a wellbore is created, a number <rf casings are installed in 
the borehole to prevent collapse of the borehole waO and to prevent undesired outflow 
of driiling fluid Into the (brmatlon or Inflow of fluid from the fbmnation Into the borehole. 
The borehole is drilled In intervals whereby a casing ythkh is to be installed In a lower 

10 borehole interval is lowered through a previously instafled casing of an upper borehole 
Interval. As a oonsequenoe of this procedure the casing of the lower interval Is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement wUh casing diameters decreasing in downward direction. Cement 
annull are provided between the outer surfaces of the casings and the borehole wail to 

15 seal the casings from the borehole wall. As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drIIDng fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the oouree of the well, end the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fonnlng new sections of casing in a wellbore. 
^ Summary of the Invention 

According to the present invention there Is provided a method of plastically 
defbmning and rady |y expanding an expandable tubular member using an apparatus 

comprising a tubular support member, an adjustable expansion device movaWy 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
30 support member for adjusting the adjustable expansion device, convrising: 

coupling a first end of the expandable tubular member to a tubular structure; 

inserting the apparatus into the first end of the expandable tubular member in a 
first direction; 

displadng the actuator of the apparatus in a second direction opposite to the 
35 first direction; 

applying a resilient biasing fbrce to the adjust able expansion dBvi«* in fh« 
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2 

seoond direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expanctelde tubular nnemben 

reinsertlr^ the actuator of the apparatus into the seoond end of the e)qpanddble 
5 tubular member in the seoond direction; 

Increasing the outside dameter of the acyu^ie expansion device by 
displacing the actuator and the adjustable e)9anslon device rslative to the expandable 
tubular msmber in the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
10 moving the adjustable expansion device through the expandable tubular member In the 
second direction. . 

Preferably, displacing the actuator of the apparatus In the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
15 Preferably, displacing the actuator and the adjustable expansion device relative 

to ttie expandable tubular member in the first dbBction comprises: 

impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular m6mt>er comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fluidiciy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular mrniber; 

wherein moving the adjustable expansion device through the expandable tubular 
25 member comprises: 

injecUng a pressurized fluid Into the tubular support mernber. 
Acoofding to another aspect of the present Invention there is provided an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member; 

an adQustabte expansion device nxyvatsly coupled to the tubular support merrttier; 
actuating means for actuating the adjustable expansion device; 
means for displacing the actuating mear^ of the apparatus In a first direction; 
mear^ for applying a re^lient bte^g force to the adjustable expansion device 
35 when the actuating means is displaced in the first direction; 



means for increasing the outside diameter of the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the liret direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first direction comprises: 

means lior impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion device rBlaUve to the expandable tubular member In the second direction 
oomprtees: 

means for impacting the actuating means. 

Brief Ddscrfption of th* OFBwjbii^ 
Rgs. 1 and 1a-1d are ftagmentary cross-sectionai views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tobular 
member within a borehole within a subtonanean Ibmiation. 

Fig. 1e is a cross-sedionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

Fig. If Is a cross-sectional view of the expansion cone support body of Rg. 1e. 



Fig. 1g is a side view of an embodiment of an expansion oone segment for use 
in the apparatus of Rgs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion oone segment of Fig. 1g. 

Fig. 1i is a top >rtew of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an embodiment of interloddng expansion cone segments 

for use in the apparatus of Figs. 1 and 1a*1d. 

Fig. Ik is a top fragmentary drcumferBntial view of an embodiment of the 
coupling arrangmient between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and la-Id. 
10 Rgs. II and 1m are top schematic views of an en^iment of the couplir^ 

between the J-slots of the drag blocks and the lugs of the fajbular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectk)nal illustratk)ns of the apparatus 
of Figs. 1 and la-Id during the radial expansion of the tubular member within the 
1 5 borehole within the subterranean formatk)n. 

Rgs. 2e and 2f are iHustrations of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Rgs. 2g and 2h are Blu^ratlons of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2d*2d. 

Rgs. 3 and 3a-3c are fragnrientary cross-secdonal Illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
wtthin a wellbore casing within a subtenanean formation. 
25 Fig. 3d is a cross-sectk>nal view of an embodiment of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3c. 

Fig. 3e Is a cros&«edtonal view of the expansion oone support body of Fig. 3d. 

Fig. 3f is a side view of an embodiment of an expanskm oone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expansion cone segment of Fig. 3f. 

Fig. 3h is a top view of the expanston cone segment of Fig. 3f. 

Fig, 31 is a top view of an embodiment of interkxidng expansion oone segments 
for use in the apparatus of Hgs. 3 and 3a-3c. 

Fig. 3J is a top fragmentary ctroumferential view of an embodiment of the 
35 coupling arrangement between the expai^k)n cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Figs. 4 and 4a-4d are fragmentary cross-sectional iUustrations of an 
embodiment of the placement of the apparatus of Rgs. 3 and Including an 
expandable tubular member within an expandable tubular member wilMn a 
subterranean fomiation. 

Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean formation. 

Figs. 6 and 6a^ are fragmentary cross-sedlonal illustrations of an 
embodiment oT the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean fbrnetion. 

Fig- 6e Is a cross-sectional view of an embodiment of the ejqjanslon oone 
suivort body of the iq;>paretu8 of Figs, e and 6a-6d. 

Fig. 6f Is a cross-sectional view of the expansion cone support body of Fig. 6e. 

Fig. 6g Is a side view of an embodiment of an expansion cone segmenl far use 
In the apparatus of Figs. 6 and 6ch6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 
Fig. oils a top view of the expansion cone segment of Fig. 6g. 
Fig. 6j is a top view of an embodiment of Interloddng expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k Is a top fragmentary ctrcunrferBntiai view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split rir^ collar 
for use in the apparatus of Figs. 6 and 6a^. 

Figs. 7 and 7a-7c are fragmentary cross-sectional IDustratlons of an 
embodiment of the placement of the apparatus of Figs. 6 and 6a^ including an 
expandable tubular member within a borehole within a subterranean tbmwtion. 

Figs. 8 and 8a« are fingmentary cross-sectional lOustrations of an 
embodiment of the operation of the apparatus of Figs. 7 and 7a-7d during the radial 

««l»n8tonoftheexpandabletubularmemberwllhhab«^ 
30 fomnatlon. 

Fig. 9 Is a ftegmentary cross sectional Illustration of an embodiment of an 
expansion cone assembly In an unexpended positian. 

Fig. 9a IS a cross sectional mustraHon of the expansion cone assembly of Fig. 9. 

Fig. 10 Is a fragnrwntary cross sectlonallllustratibn of the expansion cone 
35 assembly of Fig. 9 h an expaided position. 
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Fig. 10a is a cross sectional illustration of the expansion cone assemt)ly of Fig. 

10. 

Rg. 11 is a fragmentary cross sectional illustration of an emtxxllinent of an 
expansion cone assembly in an unexpended positton. 

Fig. 1 la B a cross sectional illustration of the expansion cone a8semt>iy of Fig. 

11. 

F^. 12 is a fra^fnentaiy cross secttonsd illustration of the expansion cone 
assembly <tf Fig. 1 1 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Fig. 

12. 

Fig. 13 is a fragmenlaiy cross section^ illintration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

Fig. 13b is a fragmentaiy top circumferential niusliation of the expansion cone 
segment assembly of Fig. 1 3 that iHustrates the interteavad sets of coliets. 

Rg. 13c is a fragmentary cross sectional ilustiation of the interleaved coliels of 

Fig. 13b. 

Rg. 14 a fragmentary cross sectional illustration of the expansion oone 
assembly of Fig. 13 in an expanded position. 

Rg. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are fragmentary cross-sectional illustrations of an 
embodiment of the piaoement of an apparatus for radially expanding a tubular member 
wShin a borehole wilMn a subterranean formation. 

Fig. ISd Is a crass-sectional view of an embodiment of the expansion cone 
support body or the apparatus of Figs. 15 and 15a-15c. 

Fig. 1 5e is across-sectional view of the expansion cone sufHMrt body of Fig. 

15d. 

Fig. ISf is a side view of an embodiment of an expansion cone segmenlfbr use 
in the apparatus of Figs. 15 and 15a-15c. 

Fig. ISg is a front view of the expansion oone segment of Fig. ISf. 

Rg. 15h is a top view of the expansion cone segment of Fig. ISf. 

Pig. 151 is a top view of en embodiment of Interlocking expansion cone 
segments for use in the apparatus of Figs. 15 and 15a-15& 



Rg. 1 5j is a top fragmentary drcumferential vfew of an embodiment of the 
coupling anangement between the expansion cone segments and the spDt ring collar 
for use in the apparatus of F^8. 15 and 15a-1 Sc. 

Figs. 16 and 16a-16c are fr^mentary ooss-sectional illustrations of an 
embodinwnt of the plaoement of the apparatus of Figs. 1 5 and 15a-15J Induding an 
expandable tubular member within a borehole within a subterranean fbnnatlon. 

F^s. 17 and 17a-17c are fragmentary cros»«ectional lllustratiMis of an 
embodiment of the operation of the apparatus of Fi^. 16 and 16a-16c during the radial 
expansion of the expandable tubular member within a borehole witMn a subterranean 
fr)rTration. 

Fig. 18a is a cross Mdional mustration of an embodiment of a segmented 
expansion oone assembly in an unexpended posifion. 

Rg. leb is a fragmentary droumfimntial top lilusfration of the expansion oone 

wid split ring collar of Fig. 18a. 

Rg. 18c is a fragmentarycross-seciionaiilkjstrationofthe expansion oone 
support flange of the expansion cone assembly of Fig. 18a 

Fig. 18d is a cross-sectional lUustrBtion of the expansion oone support flmge of 
Fig. 18c 

Rg. 19a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 16a in an expanded position. 

Fig. 1 9b is a fragmentary drcumferentiai top view of the expansion cone of F^. 

19a. 

Figs. 20a-20m are top drcumferential views of various alternative embodiments 
of interioci(ftig expansion oone segment geomefries. 

Detailed Description of the Uuslrallvtt Embodiments 
Itefening initially to Rgs. 1 and la-Id. an embodbnent of an apparatus and 
inethod for racfiaOy expanding a tubular nwmber will now be described. As Biustrated in 
Fvis.1 and 1a-1d. a weHbora 100 is positioned in a subterranean fbrmatton 105. Inan 
exemplary embodiment, the wellbore 100 may Include a pre-existing cased section 
110. The weabore 100 may be positioned in any orientation from vertical to horizontal. 

In onJer to extend the weflbore 100 Into the subterranean ftmnation 105. a drill 
string Is used in a well known manner to driD out material from the subtenanean 
fbrniation 105 to fomi a new wellbore section 1 15. In a prefened embodhwnt. the 
Inside diameter of the new weObore section 115 b greater than or equal to the ii»ide 
diameter of the preexisting weiibore casing 1 10. 



A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 115 with the upper end 120b of the tubular member coupled to the 
wellboie casing 110 and the lower end 120c of the tubular member extending Into the 
wellbore section. The tubular member 120 may be positioned within the wellbore 
section 115 and coupled to the wellbore casing 1 10 In a conventional manner. In a 
piefenred embodirrant. tt» tubular member 120 Is positioned wHhbi the wellbore 
section 1 1 5 and coupled to the welbcre casing 1 1 0 using one or more of the methods 
and apparatus (fisdosed in one or moiB of the followir^: (1 ) U.S. patent appOcatlon 
serial no. 08/454.139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. 
patent application serial no. 09/510,913. attorney docket no. 25791.7.02. filed on 
2/230000. (3) U.S. patent appBcatton serial no. 09/502,350. attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent appficatkm serial no. 09M40.338. 
attorney docket no. 25791 .9.02. filed on 1 1/15/1999. (5) U.S. patent applteatlon serial 
no. 09/523,460. attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
applkatkxi serial no. 09/512,895. attorney docket no. 25791.1202. filed on 2/24/2000. 
(7) U.S. patent applkatkm serial no. 09/511.941. attorney docket no. 25791,16.02, filed 
on 2/24/2000, (8) U.S. patent appOcatton serial no. 09/588,946, attorney docket no. 
25791 .17.02. filed on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25701.23.02, filed on 4/26/2000, (10) PCT patent applicafion serial 
no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent applk»tk>n serial no. 60/162,671, attorney docket no. 25791.27. filed 
on 1 1/1/1999, (12) U.S. provisional patent applicatton serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent appKcatbn serial 
no. 60/159,082, attorn^ docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provistonal patent applteatton serial no. 60/159,030. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. pravlskmal patent applicafion serial na 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. pravlsk>nal patent appiieatton serial 
na 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provi8k)nal 
patent applicafion serial no. 60/165.228, attorney docket na 25701 .30. filed on 
1 1/12/1999. (18) U.8. provisional patent appDcaflon serial no. 60/221.443, attorney 
docket no. 25791.45. filed on 7/28/2000. (10) U.S. proviskNial patent applicafion serial 
na 60/221 ,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provlskyial 
patent applicatkm serial no. 60/233.638. attorney docket na 2STO1.47. filed on 
9/18/2000, (21) U.S. provisional patent appUcatton serial na 60/237.334. attorney 
docket no. 25791 .48, filed on 10/2/2000, (22) U.S. provisional patent applcaflon serial 
na 60/270,007, attorney docket no. 25791.50. filed on 2/2CU2I00V. and (2Si U.S. 
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provisional patent application serial no. 60^2.434. attorney docket no. 25791.51. filed 
on 1/1772001; and (24) U.S. pravisionai patent application serial no. 60/259,486. 

attorney docket no. 25791^2. filed on 1/3/2001. the disclosuiBS of >«*iteh are 
inoorporeted herein t>y reference. 

As Olustrated In Ftg& 1 and la-Id. an apparatus 200 for radially expanding a 
tubular memt)er may then be positioned in the new sectton 115 of the wellbore 100 
within the tubular member 12a The apparatus 200 Includee a tubular support member 
205 defining an internal passage 205a that Is coupkid to an end of a tubular coupling 
210 denning an internal passage 210a. The other end of the tubular coupling 210 is 
coupled to an end of a tubular support member 21 5 defining an Internal passage 21 5a 
that Includes a finst lug 215b. a radial passage 215c a first flange 215d. a second 
flange 215e. a second lug 215f. and an expam»lon cone support body 215g. The other 
end of the tubular support member 216 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated In Figs, 1e and If. the expansion cone support body 215g 
Includes a first end 215ga. a tepered hexagonal portion 215gb that Includes a plurelity 
of T-shaped slote 215gba provided on each of the external faceted suriacas of the 
tepered hexagonal portton. and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
20 degrees for reasons to be described. 

As Illustrated in Rgs. 1. 1a-1d, 1g. ih. and 11, a plurality of expansion cone 
segmente 225 are provided that include first ends 225a that include T-shaped retelning 
membere 225aa and second ends 225b that Include T-shaped retelning members 
225ba that mate with and are received within corresponding T-shaped stote 21 5gba on 

«» tepered hexagonal portton 215gboftheexpanston cone supportbody215g first 
external surfaces 225bb. second external surteces 225bc and third external surfaces 

225bd. Thus.inanexemplaryembodlment.atotelofslxexpanstonoonesegmenb 
225 are provMed that are siidabiy eoupted to oonesponding sides of the tepered 
hexagonal portton 215gb of the expanston cone support body. 

In an exemplary embodiment, the widths of the flret external surfaces 225bb of 
the expansion cone segmente 225 Increase in the directton of the second external 
surfaces 225bc the widths of the second external surfaces are substenUaliy oonstent. 
and the wkiths of the third external surfaces 225bd decrease in the directton of the first 

ends 225a of the expanston oone segmente fbrieasons to be described, inai 
exemplaiy embodiment, the first external surfeces 226bb of the expansion cone 
segments 225 teper upwardly in the directton of the s econd ext«n«i 
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the second external surfaces taper upwardly in the direction of the third external 
surfeces 225bd, and the third externa! surfaces 225t)d taper downwardly in the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 225bb of the expansbn oone segments 225 are greater than the 
angle of attack of the taper of the second external surfaces 225t>c. In an exemplary 
embodiment, the first and second external surfaces, 225bb and 225bc of the 
expanskxi cone segments 225 are arcuate such that when the expansion cons 
segments 225 are displaced In the dlrectton of the end stop 220. the first and second 
external surfaces of the expansion cone segmmts provide a sul>5tantially continuous 
outer drcumferential surface for reasons to be described. 

As aiustrated In Fig. 1J, In an exemplary embodiment, the external swfaces. 
225bb. 225bc and 225bd, of the second ends 22Sb of the expanskxi cone segments 
225 are adapted to mate with one another In order to Interlock adjacent expansion 
oone segments. 

As Illustrated in Figs. 1, 1a-1d, and Ik, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that includes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
oon^ponding T-shaped retaining members 225aa of the expansion cone segments 
225 and a second end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
commercially available from Halliburton Energy Services modlRed In accordance with 
the teachings of the present dlscbsure. 

As illustrated In Figs. 1 , 1a-1d, and 1m, a drag Mock assembly 235 that defines 
a passage 235a fbr receiving the tubular support member 215 provMed that Includes 
a first end that includes an L-staped stot 235b fbr receiving and nnating with the L- 
shaped retaining member 230c of the split ring collar 230. one or more conventkxial 
drag bkxdc elements 235c and a J-shaped stot 235d including a retaining stot 235da 
for receiving the second lug 215f of the tubular support member 215. In an exemplary 
embodiment, the bngitudlnal axis of the J-shaped slot 235d of the drag bkxdc assembly 
235 is substantially paraBd to the longitudinal axis of the tubulsr support member 215 
for reasons to be described. 

A first conventional packer cup assembly 240 that defines a pass£^ 240a for 
receiving the tubtdar support member 21 5 includes a first end 240b that mates with the 
second flange 21 5e of the tubular support member, a oonventkmal sealing cup 240c 
and a second end 240d. A tubular spacer 245 that defines a passwe 245a for 
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receiving the tubular support member 215 Includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventtonal sealing cup 250c and a second 
end 250d that mates with the first flange 215d of the tubular support member. 

As illustrated In F^. 1, la-Id, and II. a drag tkxk assembty 255 that defines a 
passage ^5a for iecel\dng the tubular support member 215 is provided that includes a 
Ibst end that includes sealing members. 255b and 25Sc, one or more conventional drag 
10 block elements 255d. and a J-shaped slot 2S5e including a r^ning sk>t K5ea for 
receiving the first lug 21Sb of flw tubular support member 215. In an exemplary 
embodimmt. tlM longitudinal aMS of the J-sh^ied slot 255e of the drag bkK* BssemUy 
255 is substantially parailei to the tongHudhai axis of the tubular support member 21 5 
for reasons to be described. 

15 In an exemplary embodiment, during operation ofthe apparatus 200. as 

illustrated In Figs. 1 and l8>1m, tfw apparatus may be positioned in the wePbore 115. 
within the tubular member 120, witti the first and second higs. 21Sb and 215f. 
respectively, po^tnned within the retairtng slots. 255ea and 235da, respectively, ofthe 
J-stots, 255e and 235da, respectively, of the drag bkx* assembly 255 and 235. 

20 respectively. In this manner, the drag block assembly 235 Is maintained in a 

substantially stetionary pos'rtton relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
longitudinal direction relative to the tubular support member 215 towards the end stop 
220. FurthermoTB, in this manner, the drag block assembly 255 is also maintained in a 

25 substantially statkmary position relative to the tubular support member 215 thereby 
preventing the dr^btock assembly from seaibig off the radial passage 215c In an 
exemplary embodiment, during the placement of the ansaratus 200 within the vwllbofe 
1 15 and the tubular member 12a the radial passage 215c pemnits fluMIc materials 
outsUe of the tubular support member 215 to pass into the passage 215a thereby 

30 minimizing QverpnMsweoondltlmswitttin the annulusoulsMe of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 is posHkxwd with^ the 
expandable tubular member 120 such that the expansfon cone body 215g. the end 
stop 220. and the expansion cone segments 225 extend out of the expandable tubular 
35 member. In this manner, the expansion cone segments 225 may be driven up the 
tapered hexagond portton 215gb ofthe ttoanskm «*wmi h«riu o^k^ «k«^. i »— 
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the outside diameters of the expansion cone segments, without impacting the 
expandalsie tubular memtMr 120. 

The tutnjlar support memlwr 21 5 may then l>e rotated relative to the drag blodc 
assemblies. 235 and 255. thereby displacing the lugs, 215f and 215b. with respect to 

5 the J-shaped slots, 235d and 255e, respedhwly. The tubular support member 21 5 
may then be displaced upwardly relath^ to the drag blodt assemblies. 235 and 255, in 
the longitudinal diredion thereto displacing the drag blodc assembli^ downwardly 
relative to the tubular support member. During the tongMudlnal upward displacement of 
the tubular support member 215 relative to the drag blocK assemblies, 235 and 255, 

10 the diag block assemblies, 235 and 255. are maintained In a substantially stationary 
position with rasped to the expandable tubular member 120 by the fridionai forces 
exerted by the drag blod«. 23Sc ami 255d, of the drag bloGk assemblies on the 
expand^le tubular member, and during the upward longitudinal displacement of the 
tubular support member 215 relative to the drag btodc assemblies, the lugs. 215f and 

15 215b. are guided in a subslantially longitudinal direction by the J-8lots.235d and 255e. 

raspedively, of the drag Mode assemblies. 

The downward longitudinal displacement of the drag bbck assembly 235 
relative to the tubular support memb«- 215 displaces the split ring collar 230 
downwardly dor^ with the expansion cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 21 5gb of the 

expansion cone support body 21 5g until the end faces of the expansion cone segntents 
impad the stop member 220. As a result, the outside diameter of the expansion cone 
segments 225 increases. In an exemplary embodiment, once the ocpansion cone 
segments 225 impad the stop member 220, the outer surfaces. 22Sbb and Zffibc, of 

25 the expansion cone segrmnts provide a substantially continuous outer siflfaoa in the 
drcumferential direcSon having a diameter that is greater than the inside iSametaf of 
the expandable tubular member 120. The downward longitudinal displacement of the 
drag block assemb^ 255 relaiive to the tubular support member 215 seals oif the radial 
passage 215c thereby preventing the pressurized lluMIe material 275 from entering the 

30 annulussuROunding the tubular support member 215 through the radial passage. 

In an exenvlary embodiment, as niustrated in Hgs. 2 and 2a-2r. the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a fluMk: material 275 into the apparatus through the passages 2G5a. 21 Oa, 
and 215a. The Injedton of the fluidic material 275 may pressurize tiie interior 120a of 

35 the expandable tubular member 120. In addition, because the packer cup assemblies, 
240 and 250. seal off an annular regkm 1 20aa belo w the packer cup assembiles 
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between the expandai)le tubular member 120 and the tubular support member 215 the 
injection of the fluldic material 275 may also pressurize the annular region. 

The continued injection of the fluidic materia 275 may then pressurize the 
interior 120a of the expandable fcibular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member oir of the expansion cone segments 
225. Becau8etheoutersurfece8.225bband225bc.oftheexpanslonconesegment8 
225 are tapered, the plastic defematlon ami radW expansion of the expands 
tubular member 120 proxiniate the expansion cone segments is fadlitated. 
Furlhennofe. in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 

surtace of the exparxlabie tubular member 120 and the exterior surface of the tubular 
support member 215 that Is bounded on the upper end by the pecker cup assembly 
240 and on the lovver end by the expansion cone segments 225. Futhermoie. in an 
exemplary embodiment, the prsssurizatlon of the annular region 120aa also radlaliy 
expands the sunounding portion of the expandable tubular member 120. In this 
manner, the plastic defomiation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthemwre. during operation of the apparatus 200. the 
packer ojp assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the padcer cup assemblies and thereby define the length of 
the. pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic defbrmation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attadc of the tapered external surfaces. 
225bb and 225be, of the e}q>anslon cone segments 22S. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomted along vvfth the overiapping portion of the weDbore casing 11 0 

Because the expansion cone segments 225 may be a<flu8table posHioned Item an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the preexisting 
casing 1 1 0. the resulting weilbore casing, including the casing 1 10 and the ladiaHy 
expanded tubular member 120. created by the operation of the apparatus 200 may 
have a single substantially constant inside diameter thereby providing a mo«H«ameter 
wellbore casing. 

if the expansion cone segments 225 become lodged within the tubular rr»mber 
120 during the radial expansion process, the tubular su)Dortmemhiiri?ism^K> 



displaced downwardly in the tongitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255. thereby [XKltlonIng the lugs, 215b and 215f, within the 
retaining slota. 255ea and 235da. respectively, of the J-slots. 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this nfianner, the tubular support mend>er 205, the tubular support 
member 210. the tubular support member 215. the end slop 220. the axpanston cone 
segments 225. the split ring collar 230. the drag block assembly 235. the pack cup 

1 0 assembly 240. the spacer 245, the packer cup assembly 250. and the drag bkxdc 
assembly 255 may then be removed from the tubular member 120. 

Durtoig the radial expanston process, the expanskm cone segments 225 may be 
raised out of the expanded portkxi of the tubular member 120 by applying an upward 
axial force to the tubular support member 215. In a preferred embodiment, during the 

1 5 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 Is expanded in order to keep 
the tubular member stationary relative to the new wellbore sedton 115. in an 
alternative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically defomied off of the expanskxi 
cone segments 225 and into the new wellbore section 1 15 under the force of gravity 
and the operating prassure of the Interior of the tubular member 120. 

in a preferred embodiment, when the upper end portkxi of the expandable 
tubular member 120 and the tower portton of the wellbore casing 1 10 that overlap with 

25 one another are plastically defonned and radially expanded by the expanston cone 
segments 225, the expansion cone segments 225 are dteplaoed out of the wellbore 
100 by both the operating pressure wihin the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a prefenred embodiment, the operating pressure and flow rate of the fluldic 

30 material 275 is controlla biy ramped down when the expanston cone seg ments 225 
reach the upper end portton of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expanston and plastto 
defbnmatton of the exparxJable tubular nrtember 120 off of the expanston cone 
segments 225 can be minimized. In a preferred enfrt>odiment the operating pressure is 

35 reduced in a substantially Cnear fashton from 100% to about 10% during the end of the 
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extrusion process beginning when the expansion cone segments 225 are within about 
5 feet (1 ,524 m) fran CMinpletion of the extrusion process. 

AHematlvely, or In combination, the wall thickness of the upper end portion of 
the expandable tubular nwrnber 120 is tapered In order to gradually reduce the 
5 required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular nnember. In this n»nner. shock loading of the apparatus is at 
least reduced. 

AHematlvely. or in oombinaton. a shock absorber is provided In the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. 7he8hockabsorbermayoomprlsa.fbrexample.anyconventional 

commercially available shock absorber, bumper sub, or Jars adapted for use In wellbore 
operattons. 

AltematlvBly. or in combination, an expanskm cone catching structure Is 
provkJed In the upper end podkm of the expandable tubular member 1 20 in order to 
catch or at least decelerete the expanskm cone segments 225. 

Alternatively, or in oomblnatton. during the redy expanskm process, an upward 
axial force is applied to the tubular support member 215 suffkaent to plastically defbrni 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc, of the expanskm cone segments 225. 

Alternatively, or in combination, in order ta faditate the pressurization of the 
interfef 1 20a of the expandable tubular member by tiie iniection of the fluidic materials 
275. the region within ttw wellbore section 115 below the apparatus 200 may be 
fluWtely sealed off In a convention manner using, for example, a packer. 

Once the radial expanskm process Is completed, the tubular support member 
205. the tubular support member 210. tt» tubular support member 21 5. the end stop 
220. the expansfon cone segments 225. the spin ring collar 230. ttie drag block 
assembly 235, the pack cup assembly 240. the spacer 245. 0)e packer cup assembly 
250. and the drag btock assembly 255 are removed iiom the wellbore 100. 

In an altemative embodbnent. as lllustreted in Figs. 2h and 21. the J^ts. 235d 

and 255e. include one or more Intemiedlate retaining stots. 235db and 255eb. 
respectively, that pemiH the relative longitudinal displaoement of the tubular sitpport 

member 215 relative to the drag btock assemblies. 235 and 255. to be set at one or 
more intemiedlate stop positions. In this manner, the expanskm segments 225 may be 
posittoned at one or more Intemnedlate positions on tiie tapered hexagonal portton 
215gb of the expanston cone support body 215g ttiereby pemMIng the external 
diameter Of the expansfon cone segments 225 to be adlU8tedtorvw> or 
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Intermediate sizes. In this manner, the radial expansion and plastic defbmiation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
expansion cone segments may be adjustml to provide a smaller outside diameter and 
the radial expansion process may be oonthued by injecting the fluidic material 275 
and/or applying an upward axial fbroe to the tubular support member 21 5. 

Referring to Rgs. 3 and 3a-3J. an altemative embodiment of an apparatus 300 
for fonning a wellbore casing In a subterranean formation wiD now be described. The 
apparatus 300 inchxles a tubular support member 306 defining an internal passage 
SOSa that is ooi4>led to an end of a tubular coupling 310 defining an internal passage 
31 Oa. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an internal passage 315a that Includes a first flange 315b 
having oppositaly tapered end-waib. 315ba and 315bb. a second flange 315c a radial 
passage 315d. a third flange 315e. a fourth flange 315f. a flfih flange 315g having 
oppositely tapered end-vrails. 315ga and 315gb. a fiflh flange 315h. and an expanston 
cone support body 31Si. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As Illustrated in Rgs. 3d and 3e, the expansion cone support body 315i includes 
a first end 31 5ia, a tapered hexagonal portion 31 5ib that includes a plurality of T- 
shaped slots 315iba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 315ic. in an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

As illustrated in Rgs. 3. 3a-3c and 3r-3h. a plurality of expansion cone 
segments 325 are provided that include first ends 325a that Include T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that rnats wHh and are received within corresponding T-shaped slots 31Siba on 
the tapered hexagonal portion 31Sb of the expansion cone support body 3151, first 
external suifaoes 32Sbb. second external surfaces 325bc. and third external surfaces 
3^bd. Thus, in an exemplary embodiment, a total of sbc expansion oone segments 
325 are provided that are slldably coupled to oonespondmg sides of the tapered 
hmagonal portion 315a> of tite expansion cone support body 3151. 

In an exemplary embodiment, ttie widttis of the first «(temai surfeces 325bb of 
the expansion cone segments 325 increase In the direction of the secorxJ external 
surfaces 325bc the widths of the second external su rfaces are substantiallv constant 
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and the widths of the tHid external surfaces 326bd decrease in the direction of the flnrt 
ends 325a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the firat external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfeces 325bc 
5 the second external surlaoes taper upwardly in the direction of the third external 
surfaces 325bd. and the third external surfaces 325bd taper dowmwardly in the 
din»rtlon of the first ends 325a of the expansion cone segments fbr reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segments 325 are greater than the 
10 angleofattackofthetaperofthe8econdextemal8ur(aoes325ba In an exemplary 
embodiment, the first and second external surfaces. 325bb and 325be. of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direction of the end stop 320. the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
15 outer circumferential surface for reasons to be described. 

As iUustrated in Fig. 3i. in an exemplary embodiment, the external surfaces 
325bb. 325bc and 325bd, of the second ends 325b of the expansion cone segmJrts 
325 are adapted to mate with one another In order to intertock adjacent expanston 
cone segmente. 

A split ring collar 330 that defines a passage 330a (or receiving the tubular 
support member 315 is provUed that indudes a first end that includes plurality of T- 
shapod State 330b for receiving and mating with corresponding leaped reteining 
members 325aa of the expansbn cone segmente 325 and a second end that includes 
an L-shaped retaining member 330a In an exemplary embodiment, the split ring collar 
330 is a oom«ntfonal split ring colter commeretelly avaitebte from HaUiburton Energy 
Servfces modified in accordance with the teachings of the present disdosure. 

Acoltet assembly 335 is provWed that indudes a support ling 335a that defines 
a passage 335aa for receiving the tubuter support member 315 and is couptod to an 
end of a resilient collet 335b having upper and tower sete of oppositely tepered 
Shoulders. 335ba and 335bb. and. 335bc and 335bd. respedlvely. that te poslttoned 
prDximatethefourthfiange315gofthetubutersupportmember315. The other end of 
the collet 335b is coupled to an end of a tubuter steeve 335c that defines a passage 
335ca. The other end of the tiiuter sleeve 335c te coupled to an end of a pin 335d 

The other end of the pin 335d is coupted to a ring 335e that defines a passage 335ea 
forrec8lvingthefiIthfiange315hofthetubularsupportmember315. Anendofa 
tubuter coupling steeve 335f that defines a passage 3 35fa ibr receivino th^ «uiM.L.r 
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support member 315 is received within the opening 335ca of the tubular sleeve 335c 
thai includes a recess 335fb for receiving the fifth flange 315h of the tubular support 
member 315^nd the ring 335e. and a radial passage 335fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f inckides a passage 335fd for receiving 
the tubular support member 315 and a slot 335fiB fbr receiving the L-shaped retahing 
member 330eofthe split ring collar 330. A ring 335g that defines a passage 33Sga fbr 
receiving the tubular support member 315. a spring 335h. and a ring 3351 that defines a 
passage 3351a for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g positioned praximatB one end of ttie iMess 335fb, 
the ring 3351 is positioned proximate the fifth flange 31 5h of the tubular »ipport 
member 31 5 within the other end of the recess, and the spring 33Sh Is positioned 
between the rings. 

A first conventional pader cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 includes a first end 340b that mates with the 
fourth flange 31 Sf of the tubular support member, a convenflonal sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first padcercup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 
blniar support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c, and a second end 350d that 
males with the third flange 315e of the tubular support member. 

A collet assembly 355 te provided that includes a suppwt ring 355a that defines a 
passage 3S5aa fbr receiving the tubular support member 315 and Is coupled to an end 
of a resilient collet 35Sb having upper and lower sets of oppositely tapered shotdders. 

355ba and 355bb. and, 355bc and 355bd, respectively, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end of the coflet 355b 
is coupled to an end of a tubular sleeve 355c that dtfros a passage 355ca. Theottier 
end of the tubular sleeve 355c is coupted to an end of a pin 355d. The other end of the 
pin 355d Is coupled to a ring 35Se that defines a passage 355ea fbr receiving the 
secondflange315cofthetubularsupportmember315. An end of a tubular sleeve 
355f that defines a passage 3S5te for receiving the tubular support member 315 is 
received withbi the opening 355ca of the tubular sleeve 355c that irwiudes a recess 
355fl) for receiving the second flange 315c of the tubular support member 315 and the 
ring 355e. and a radial passage 355fcfor receiving the pin 35Sd. Another end of the 
tubular sleeve 355f includes a passage 355fd for rec eiving the tubular support member 
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315. a recess 35Sfe for receiving an end of the tubular sleeve 355c. and seaBng 
•nember8 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb An 
end of the rtng 3559 is positioned proximate the second flange 315c of the tubular 

5 ''»P»«rtmember315wilhlnanendoftherece8a355fbandtheotherendoftheringls 
positioned an end of the spring 355h. The other end of the spring 356h Is positioned 
praxImalB the other end of the recess 355fii. 

In an exemplary embodimenl. during opeialion of the apparatus 300 as 
"•"8«^'nRgs.3and3a^.lheapparatusmaybeInltlallypo8ltlonedhthewelte^ 
10 100.wlthlnthecasing1l0,wlththecolleta8semblte8335and355po8ltlonedlna 
neutral position in which the radial passage 31Sd oflhe tubular support member 315 Is 
not covered by the tubiilar sleeve 355f and the expansion cone segments 325 are not 
timen up the tapered hexagonal portion 3151b of the expansion oone support body 

315iofthetubularsupportmember315lntocontadwllhlhestopmember320 Inthb 
manner, fluidic materials v«lhln the interior 315a of the tubular support member 31 5 
may pass through the radial passage 31 5d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressuriration of the annulus. 
Furthsmiore. in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemHtting 
20 the apparatus 300 to be displaced wihin the casing lio. 

As illustrated in Figs. 4. and 4a-W. the apparatus 300 may then be positioned 
In the tubular member 120. During the Insertion of the apparatus Into the tubular 

"»mber 120. the upper end 120b of the tubular member may impact the tapered 
Shoulders. 33Sbb and 355bh. of the coliets. 335b and 355b. respectiveiy. thereby 

25 dri^ the collets badtward until the tapered 8houIdei8.335bd and 355bd of 

colets are positioned proximate the tapered shoukto. 316ga and 315ba.'respecth«ly 
ofthelubularsupportmember. As a result, the support rings. 335a arxl 355a. the 
coltets. 335b and 355b. the tubular sleeves. 335c and 355c the pins. 335d and 355d 

««""98.335eand355e.andtherinfls.335gand355fl.ofthecoteta8semblles.335 
and 3K. respectively, are driven badcv^. comprssslng the sp^ 
thereby appiyir,g axlai biasing forces to the tubular coupling sleeve 335f and the tubular 
Sleeve 355f. respectiveiy. 'n this manner, an axial blashg force Is applied to the spM 
nng collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 315ib of the 

5 «^ncone8upportbody315iofthetubularsupportmember315lntocont^ 
theslopmember320. Thus, the outside diameter of the expansion cone senm.nt» 



325 is maintained In a position that is less than the Inside diameter of the tubular 
member 120 thereby peimttting the apparatus 300 to be displaced within the titular 
member. Furthemrare. In this manner, an axial biasing force is applied to the tubular 
sleeve 3S5f thereby preventino the tubular sleeve fiom covering the radial passage 
5 31 5d in the tubular support member 315. Thus, fiuidic materials within the interior 31Sa 
of the tubular support member 315 may pass through the radial passage 315d Into the 

anrwius betvyeen the apparatus 300 and the tubular member 120 thereby preventing 
over pressurizaUon of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 
10 section 115a oftheweUbore section 115. beyond the laM«rend120cof the tubular 
member 120. in an exemplary embodimerrt, that portion of the apparatus 300 that 
includes the atop member 320. the expansion cone segments 325. the split ring collar 
330. the collet assembly 335. the padcer cup assembly 340. the spacer 345. the packer 
cup assembly 350. and the cdiet assembly 355 is then positioned in the open hole 
15 secdon 115a of the weilbore section 115. beyond the lower end 120 of the tubulcr 
member for reasons to be described. Because the collets. 335b and 355b. are 
resiient. once the apparatus 300 has been positioned in the open hole section 1 15a of 
the weilbore section 11 5. beyond the lower end 120c of the tubular member 120, the 
tapered shoulders, 335ba and 355ba. of the collets may spring outwardly In the radial 
20 direction. 

The apparatus 300 may (Iran be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the apparatus into the tubular member 
120. the lower end 120c of the tubutar member may impact the tapered shouldere, 
335ba and 356ba. of the ooilets, 335b and 355b. respectively, thereby driving the 

25 collets fonward until the tapered shoulders, 335bc and 355bc. of the collets are 
positioned proximate the tapered shoulders. 315gb and 315bb. respectively, of the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
ooilets, 335b and 355b. the tubular sleeves. 335c and 355c the pins. 335d and 35Sd. 
the rings. 335e and 355e. the tubular coupling sleeve 33Sf. the tubular sleeve 355f. the 

30 rings. 335g and 355g. and the ring 335iofthe collet assembles. 335 and 355. 
respectively, are driven fonMard, thereby compressing the springs. 335h and 355h. 
tttereby sealing off the radial passage 31 5d and driving the ttqpansion cone segments 
325 up tiie tapered hexagonal portion 31 Sib of the expansion cone support body 319 
of the tubidar support member 315 mto contact with the stop member 320. 

35 As a result, the outside diameter of the expansion oone segments 325 is now 

greater than the inside diameter of e)qpandable tubul ar member 120 thereby pennHtinfl 
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the apparatus 300 lo be used to radially expand arKl plasfically deform the tubular 
member, arvi fluidic materials within the Interior 315a of the tubular support member 
316 may no longer pass through the radial passage 315d Into the annuJus between the 
apparatus 300 and the hibular member thereby pennitting the interior of the apparatus 
tobeivessurized. 

The apparatus 300 may then be operated to radially expand and plastically 
defomi the tubular member 1 20 by applying an upward axial force to the tubular 
support member 31 5 and^or by injecting a pressurized fluidic material Into the tubular 
support member. 

In particular, as illusliBted In Figs. 5 and 5a^. the expandable tubular member 

120maythenberadlallyexpBndedU8lnglheapparalU8300bylnjectlngafluldlc 
material 275 Into the apparatus through the passages 305a. 310a. 315a. and 320a. 
Ihe Injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies. 340 
and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the ir^ection 
of the fluidic material 275 may also pressurize the annular region. 

The continued Injection of the fluHic material 275 may then pressurize the 
interior 120a of the expandable tubular member 1 20 thereby piastically dafomiing and 
radlaly expanding the expandable tubular member off of the expansion cone segments 

325. B6causelheoutersurfaces.325bb and 325bcoftheexpansion cone segments 
325 are tapered, the piastte defomiation and radial expansion of the expandable 
tubular member 120 proximate the expanston cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injectkm of the fluidic 
material 275 also pressurizes the annular regton 120aa defined between the interior 
surtiioeof the expandable tubular member120and the exterior surface of the tubular 
support member 315that Is bounded on the upper end by the packer cup assembly 
340andonthetowerendbytheexpansloncone8egmenls325. Furtherniore. In an 
exemplary embodiment, the pressurtzauon of the anmiiariegten 120aa also radially 
expands at least a portion of the sum)unding portton of the expandable tubular member 
120. '"tWsmanner.theplastlcdefomatlonandradlaiexpanstonoftheexpandabie 
tubular member 120 is enhanced. Furthem«re. during operatfen of the apparatus 300 
tf«packeraipassemblie8 340and350pieventthepressuri^ ' 
ftom passing above and beyond the packer cup assemblies and thereby define the 
lengthofthepressurizedannuiarregtonl20aa m an exerrvlary embodiment. the 
prassurtzatton of theannular regton 120aa deoeases theoo^nHi 



ax 

fix plastic deformation and radial expanston of the e)9>arKlable tubular member 120 by 
as much as 50% and also reduces the angle of attack of Oie tapered external surfeces. 
32Sbb and 32Sbc of the ncpansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
unti the upper end l^b of ttie expandable tubular member is radially expanded and 
piasOcaly defomted along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned iiom an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substanflatfy equal to the inside diameter of the pre-existing 
casing 110, the resulting welibore casing, including the casing 110 and the radially 
expanded tubular member 120. created by the operation of the apparatus 300 may 
have a single substantialy constant inside diameter thereby providing a mono-diameter 
welibore casing. 

Outbig the radial expansion process, the expansion cone segments 325 may be 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial force to the tubular support member 315. In a pralBrTed embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in oitjer to iceep 
the tubular member stationary relative to the new wellborB section 115. 

In a prefiemed embodlnent, when the upper end portion of the expand^le 
ftibular member 120 and the lower portion of the welibore casing 1 10 that overlap with 
one another are plastically deformed arxl radially expanded by the expansion cone 
segments 325. the Kcpansion cone segments are displaced out of the welibore 100 by 
both the operating pressure wllhin the interior of the tubular member 120 and a 
upwardly directed axial fbrce appDed to the tubular support member 305. 

In a iw^MredembodinMnt. the operating pressurs and flow rata of the fluidic 
materiai 275 is oontroliably ramped down when the expansion cone segments 3K 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release (rf pressure caused by Ihe complete ratflai expansion and plastic 
defonnation of the expandable tubirfar menter 120 off of the expansion oone 
^ments 325 can be mininrized. in a (Neferred embodiment, the operating pressure b 
reduced in a substanUally linear feshion from 100% to about 10% during the end of the 
extru^ process beginning when the expansion oone segments 325 are wHhin cdXMit 
5 feet (1 .524 m) from completitxi of the extrusion process. 

Alternatively, or In combination, the wall thidcness of the upper end pwtion of 
the expandable tubular member 120 Is tapered In wder to gradually reduce the 
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required opereting pressure for plastically deforming and redially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

AltemativBly, or in combination, a shodc absorber is provided In the tubular 
support member 305 in order to absorb the shodc caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or Jars adapted for use in weiiborB 
operations. 

Altemallvely. or in combination, an expanston cone catching structure is 
provided in the upper end portion of the expandable tubular member 120 In onler to 
catch or at least decelerate the expansion cone segments 325. 

Altematively. or in combinatkm. during the radial expanston process, an upward 
axial force Is applied to the tubular support member 315 sufficient to plastically defbrm 
and radially expand the tubular member 120 off of the extamal surfeces. 22Sbb and 
15 225bc, of the expanston cone segments 325. 

Altematively, or in comblnatfon, in order to facilitate the pressurizatlon of the 
interior 120a of the expandable tubular member by the injection of the fluidte materials 
275. the region within the welbore section 115 below the apparatus 300 may be 
fludidy sealed off in a convention manner using, for exampto, a padrar. 

Once the radtoi expanston process is compteted. the tubular support member 
305. the tubular support member 310. the tubular support member 315. the end stop 
320. the expanston cone segments 325. the split ring collar 330, the collet assembly 
335. the padcer cup assembly 340. the spacer 345. the padcer cup assembly 350. and 
the collet assembly 355 are lemoveditam the weBboras 100 and 115. 

Ref^ to Figs. 8 and 6a^ an aiternalhw embodlriwnt of an apparatus 400 
forfcMming a wellbore casing in a subterranean fbrmafton wUi now be described. The 
apparatus 400 indudes a tubular support member 405 defining an internal passage 

405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
41 Oa The other end of the tubular coupHng 410 is couptod to an end of a tubular 
support member 415 defining an internal passage 41 5a that indudes a first flange 
415b. a first radtoi passage 415c a second radial passage 415d. a second fiange 
41 5e. a stepped flange 415f. a third flange 415g. a fourth fiange 415h. a fifth fiarqe 
415i.andanexpansionconebody4iq. The other end of the tubuter support member 
41 5 Is coupled to a tubular end stop 420 that defines a passage 420a. 

As lUustrsted In Figs. 6e and 6f. the expanston cone support body 41 Sj Indudes 
a fist end 4iqa. a tapered hexagonal portton 419b t hatindudMaphiB>iHvnfT- 
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shaped sbts 415jba provided on eadi of the external faceted surfeces of the tapered 
hexagonal portion, and a second end 415i& In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 41Sjb rartges from about 35 to SO degrees for 
reasons to be described. 
5 As illustrated in Rgs. 6, 6a-6d. and 6g-61, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425da and second ends 425b that include T-shaped retaining members 
42St)a that mate with and are received within corresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415Jb of the expansion cone support body 415j, first 

10 external surfeioes 425bb. second external surfaces 425bc and third external surfeces 
425bd. Thus. In an exemplary embodiment, a total of six expansion cone segments 
425 are provided that ere sDdably coupled to corresponding sides cX the tapered 
hexagonal portion 41 5Jb of the expansion cone support body 41 SJ. 

In an exemplary embodiment the widths of the first external surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of tiie second external 
surfaces 425bCi the widths of the second external surfaces are substantially constant, 
and the widths of the third external surfaces 425bd decrease In the direction of the first 
ends 425a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment the first external surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly In the direction of the second extemal surfaces 425bc. 
the second extemal surfaces taper upwardly in the direction of the third external 
surfaces 425l)d, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described, in an exemplary embodiment the angle of attack of the taper of the first 

25 extemal surfaces 425bb of the expanston cone segments 425 are greatar than ttie 
angle of attack of the taper of the second extemal surfooe8 425l:>& in an exemplary 
embodinnent the first and second external surtaoes. 425bb and 425bc; of the 
expanston cone segments 425 are arcuate such that when the expansion cone 
sespmenls 425 are displaced in the direction of the end stop 420, the first and second 

30 external surfaces of the expansion cone segments provkJe a substantialiy continuous 
outer drcumfensntial surface for reasons to be ctescribed. 

As llhistrBted in Fig. 6J, In an exemplary embodbnent the extemal surfeces, 
425bb. 425bc, and 425bd, of the second ends 425b of the expansk>n cone segments 
425 are adapted to mate with one another in order to interlock ad|aoent expansion 

35 cone segments. 
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A spot ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 is provided that includes a first end that includes plurality of T- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the expansion cone segments 42S and a second end that Includes 
an L-shaped retaining member 430a in an exemplary embodiment, the splH ring collar 
430 is a convenlionai split ring coOar commerdaly available from Halliburton Energy 
Services modified in accordance with the teachings of the present disdosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that Includes a first end 
that includes a slot 43Sab fbr receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radtei passage 435ac and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 

tubular sleeve 435a Includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passs^e 435ba 
for receiving the fifth flange 4151 Is received within the recess 435ad of the tubular 
sleev8435aandiscoupledtoanendofaloadtransferpln435a The opposite end of 
the load transfer pin 435c is received within the ladlal passage 435ac of the tubular 
sleeve 435a and Is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 43Sa. and a radial opening 435dc 
fbr receiving a conventional resilient dog 435e. A spring 435f end a ring 435g that 
defines a passage 435ga for receiving the tubular support member 41 5 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 41 51 of the tubular support member. 

A first conventional padcer cup assembly 440 that defines a passage 440a fbr 
receiving the tubular support member 41 5 includes a first end 440b that mates with the 
fourth flange 415g of the tubular support member, a com«ntional seating cup 440c 
and a second end 440d. A tubular spacer 445 that defines a passage 445a fbr 
laoeivhg the tubular support member 415 Includes a first end 445b that mates wfth the 
seoondend440doftheflrBtpaclcercupassembly440andasecondend445c. A 
second conventional padw cup assembly 450 that defines a passage 450a fbr 
receiving the tubular support member 415 Includes a fW end 450b that mates with the 

second end 445c of the spacer 445. a oom«ntionai sealing cup 450c and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 
apassage455aaforreceivingthetubular8upportmember415. Afirstendofthe 
tubular sleeve 455a inciudes a radial openlno 4S5i.h t«r 



resilisnt dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and is coupled to an end of a load transfer pin 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support nnember 41 5. A tubular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support memt)er 41 5 and includes a first end that includes a radial passage 
4556b for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
45Sf. A ring 455g that defhes a passage 455gafiDr receiving the tubular support 
mennber 415 is further received ¥rithin the recess 455ec of the tubu 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 45S6f and 45Seg, and a recess 455eh that mates with the first flange 
415b of the tubular support member 415. 

in an exemplary embodiment during operation of the apparatus 400, as 

15 iliustratad in Figs. 6 and 68^, the apparatus may be Initially positioned In the wellbore 
100, within the casing 1 10. with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d of the tubular support member 41 5 is 
fiuidicly coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 41 ^b 

20 of the expansion cone support body 41^ of the tubular support member 415 into 
contact with the stop member 320* In this manner, fluidic materials within the interior 
41 5a of the tutxilar support member 41 5 may pass through the radial passages. 41 5d 
and 455ed, into tto annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annuius. Furthenmore, in this manner, the outside 

25 diameter of the expansion cone segments 425 Is less than or equal to the outside 
diameter of the stop member 420 thereby permitting ttie apparatus 400 to be displaced 
within the casing 110. 

As iiluetrated in Figs. 7, and 7a-7c the apparatus 400 may then be positioned in 
the tubular member 120. During the insertton of the apparatus into the tubular member 

30 120, the upper end 120b of the tubular member may impact the ends of tlie resilient 
dogs. 435e and 455b, erf the dog assenr4)lie8, 435 and 455. respectively, thereby 
driving the resilient dogs, 435e and 4^, backwards off of and adjacent to one side of 
the flanges, 415h and 41Sf, respectively. As a result of the badcward axial 
displacement of the resDient dog 43te, the tubutar sleeve 435d, the pin 435c the 

35 retaining ring 435b, and the ring 435g of the dog asserrtrty 435 are driven backward 
therebvcomDressina the soring 435f and applying a n axial biasino force to the tubular 
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sleeve 435a that prevents the expansion cone segments 425 from being displaced 
toMflrd the end slop 420. As a result of the backward axial displacement of the resilient 
dog 455b. the tubular sleeve 455a. the pin 455c the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 415d and 4S6ed from bebng fluMidy decoupled. 

The apparatus 400 may then be at least partially posHkMied in the open hole 
section 115a of the weObore sedton 1 15. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodln»ent that porttanofthe apparatus 400 that 
includes the stop member 420, the expanston cone segments 425, the split ring collar 
430. the dog assembly 435, the pecker cup assembly 440. the spaosr445. the packer 
cup assembly 450. and the dog assembly 455 is then poslttoned in the open hole 
section 115a of the weHbore sedfon 115. beyond the tower end 120 of the tubular 
member for reasons to be described. Because the dogs, 435e and 455b. of the dog 
assemblies, 435 and 455. respecliveiy. are resilient, once the apparatus 400 has been 
positioned in the open hole section 1 1Sa of the weSbore section 115. beyond the tower 
end 120c of the tubular member 120, the resHlent dogs, 435e and 455b. of the dog 
assemblies may spring outwardly in the radial directton. 

The apparatus 400 may then be repositioned at least partially back wNMn the 
20 tubular member 120. During the rennsertlon of the apparatus into the tubular member 
120. the tower end 120c of the tubular member may Inpact the ends of the rasffient 
dogs, 435e and 455b. of the dog assemblies, 435 and 455. respectively, thereby 
driving the resHlent dogs forward until the resOlent dogs are posNtoned beyond and 
adjacent to the other side of the flanges, 415h and 415f. of the tubular support member 
25 415. 

As a result, of the forward axial displacement of the resilient dog 435e. the 
tubular sleeve 435a, the retaintag ring 435b, the pin 435c the tubular sleeve 435d. the 
spring 435f. and the ring 435g of the dog assembly 435 are displaced in the fbrward 
axial directton thereby also displacing the spitt ring collar 430 and the expanston oone 
segments 425 In the fbnwanlaxiai directton. As a result, the expanston oone segments 
425 are driven up the tapered hexagonal portton 41S>ib of the expanston cone support 

body 415J of the tubular support member 41 5 Into contact with the stop men*er 320. 

As a resutt of the fbrward axial dbptacemsnt of the reslltent dog 455b. the 
tubular stoeve 455a. the pin 455c the retaining ring 455d, the tubular steeve 455e, the 
spring 455f . and the ring 455g of the dog assembV 455 are driven fbnvard In the ^ 
direction thereby fluUtoiy decoupling the radial Dassaaas^^l&Land. 
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coupling the radial passages 415c and 415d. As a result fluidic materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the fonvard axial displaoement of the resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 Is now greater than the Inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially »(pand and plasUcaly defonn the tubular member, and fluidic 
materials within the interior 41 5a of the tubular support member 41 5 may no longer 
pass through the radial passages. 415d and 455ed. into the annulus between the 
10 apparatus 400 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 mgy then be operated to radially mpand and plastically 
defomn the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluidic material Into the tubular 

15 support member. 

In particular, as lllustiated in Figs. 6 and 8a-Bd. the expandable tubular member 
120 nr^y then be radially expanded using the apparatus 400 by Injecting a fluidic 
material 275 into the apparatus ttvough the passages 405a. 310a, 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support nr>ember 415. the Injection 
of the Huidic nvateriai 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 

25 interior 120a of the expandable tubular member 120 thereby piasticaliy defbnning and 
radially expanding the expandable tubular member off (tf the expansion cone segments 
425. Because the outer surfaces, 42Sbb and 425bc of the expansion cone segments 
425 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 

30 Furthemnore, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa d^ed between the interior 
surface of the expandable tubular member 120 and the exterior surfieioe of the tubular 
support member 41 5 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the expansion cone segments 425. Furthennore. in an 

35 exemplary embodiment, the pressurizatton of the annular region 120aa also radialy 
expands at least a portion of the surround ing portio n of the expandable tubular member 
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120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular memt>er 120 is enhanced. Furthenrnore. during operation of the apparatus 300, 
the packer cup assambGes 440 and 450 prevent the pressurized fiuidic material 275 
from passing above and beyond the packer cup assemblte and thereby define the 
5 length of the pressurized annular region 120aa. In an exemplary embodbnent. the 
prsssurization of the annular region 120aa (teoeases the operating pressures required 
for plastic defonratkx) and radial mpanston of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered exiemal surteoes. 
4^bb and 425bc, of the expansim cone segments 425. 

10 The radial expanskm of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular iramber is radlaily expanded and 
plastically deformed dong with the overiapping portion of the weUbore cuing 110. 
Because the expansion cone segments 425 may be adjustably positkHied from an 
outside diameter less than the inside diameter of the expandable tubular member 120 

IS to an outsWe diameter substantially equal to the inside diameter of the pre-e)dsting 
casing 110, the resulting wellbore casing, including the casing 110 and the radially 
expanded tubular member 1 20. created by the operation of ttie apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

20 During the radial expansion process, the expansion cone segments 425 may be 

raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a prefenred embodiment, during the 
radial expansbn process, the expansion cone segments 425 are rateed at 
approximately the same rate as the tubular member 120 is expanded In order to keep 

25 the tubular member stattonary relative to the new wellborB section 1 1 5. 

In a preferred embodiment* when the upper end portion of the expandabb 
tubular member 120 and the lower portten of the weUbore casing 1 10 that overtap witti 
one anottier are piasHcally defomrad and radially expanded by the expanston cone 
segments 425. the expansion cone segments are displaced out (rf the weHbora 100 by 

30 both the operating pressure within Ihe interior of the tububr nnember 120 and a 
upwardly directed a)dal force applied to ttie tubular support member 405. 

In a preferred embodiment, the operating pressure and fkyw rate of the fiuidic 
material 275 is controliably ramped down when the expansion cone segments 425 
reach the upper end portion of ttie expandable tubular member 120. In ttiis manner. 

35 ttie sudden release of pressure caus^ by ttte complete redial expanston and plastic 
deformation of tlie expandable tubular member 120 off of the expansion cone 



segments 425 can be niinlmized. In a preferred embodlnient. the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% durirq the end of the 
extrusion process beginrring when the expanaon cone segments 425 are wfthin about 
5 feet (1 .524 m) from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thtekness of the upper end portton of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 AHematively, or in combination, a shock absorber Is provided in the tubular 

support member 405 in order to absorb the shock caused tiy the sudden release of 
pressure. The shock absorber rnay comprise, for example, any conventtonal 
commerdaRy available shock absorber, bumper sub. or jars adapted for use in wellbore 
operations. 

15 Altemativeiy. or in combination, an expansion cone catching stmcture Is 

provided In the upper end portton of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segnnents 425. 

Altenrafively, or in combination, during the radial expansion process, an upward 
axial force Is applied to the tubular support member 41 5 suffk:ient to plastically defomn 

20 and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc of the expansion cone segments 425. 

Altemativeiy, or in oombinatton, in order to feidlitate the pressurizatton of the 
interk)r 120a of the expandable tubular member by the injectkm of the fluidic materials 
275, the regton within the wellbore sectton 1 15 below the apparatus 400 may be 

25 fluididy sealed off In a convention manner using, tor example, a packer. 

Once the radial expanston process is completed, tte tubular support member 
405, the tubular support member 410, the tiAidar support member 415, the end stop 
420. the expanston cone segments 425, the split ring collar 430, the dog assembly 435, 
the packer cup assembly 440. the spacer 445, the packer cup assembly 450, and the 

30 dog assembly 455 are removed from the wellbores 100 and 1 1 5. 

Referring now to Figs. 9, 9a. 10 and 10a. an embodiment of an adjustable 
e)van8k)n cone assembly 500 will be described. The assembly 500 includes a tubular 
support member 505 that defines a passage 5C6a and includes a flange 505b. an 
expansion cone support flange CBsembly 505c. and an «d stop 505d. Ttie expansion 

35 cone support flange assembly 505c Includes a tubular body 505ca and a plurality of 
equally spaced apart expanston cone segment support members 505cb that extend 



outwardly from the tubular body in the radial direction that each include identical bases 
505cba and extensions 505cbb. The support membefs 505cb further Include first 
sections SOScbc having arcuate conical outer surfaces and second sections SOScbd 
having arcuate qfibn/bkai outer surfeces for reasons to be described. 

An expansion cone segment assembly 510 Is provided that includes a tubular 
support 510a defining a passage 510aa for receiving the tubular support member 505 
andaalot510ab. A plurality of spaced apart and substantially identical resilient 
e)q9ansion cone segment collets 510b extend from the tubular support 510a In the axial 
direction that include expansion cone segments SlOba extending thereflrom In the axial 
direction. Each of the expansion cone segments SiOba further include arcuate conical 
expansion, surtaoes 510baa lor radially expanding an expandable tubular member. 

A split ring collar 515 Is provided that defines a passage 515a for receiving the 
tubular support member 505 that includes an L-shaped retaining member 515b at one 
end for mating with the slot 5 1 0ab of the tubular support 51 Oa of the expansion oone 
segment assembly 51 0. Another end of the spTit ring collar 515 Includes an L-shaped 
retaining member 515& A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 51 5c of the split ring collar 51 5. 

During operation of the assembly 500, as illustrated In Figs. 9 and 9a, In an 
unexpended position, the expansion cone segments SlOba of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of ttie expansion oone segment support members 505cb with the outside 
diameter of the expansion oone segments less than or equal to the maximum outside 
diameter erf the assembly. As lllustraled bi Fl^ 10 and 10a. the assembly 500 may 
then be expanded by displacing the tubular sleeve 520, the split ring ooilar 51 5. and the 
expansion cone segment assembly 510 in the aadal dreciion towards the expansion 
cone segment support members 505cb. As a result, the expansion cone segments 

510ba are driven up the conical section 505cbc of the expansion cone segment 
support members 505cb and then onto the cylindrical section 505cbd of the expansion 
cone segment support members until the expansion oone segments Impact the end 
stop 505d. In this manner, the outside diameter of the es^anslon aegmenta 510ba is 
greater than the nwxlmum diBmeter of the remaining components of the assembly 500. 
Furthemnore. the conical outer surfaces 510baa of the expansion cone segments 
510ba may now be used to radteily expand a tubular member. Notethatthe 
extensions 505cbb of the expansion cone segment support members 505cb provide 
support in the drcumfsrential direction to the adjacent expansion cone segments 
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SlOba. In an exemplary embodiment, the outer conical surfaces SlObaa of the 
expansbn cone segnnents 510t>a in the expanded position of the assentbly 500 provide 
a substantially continuous outer conical sifffaces In 4ie drcumfiBrential direction. 
The assembly 500 may then be returned to the unexpended position by 

5 displacing the tubular sleeve 520, the split ring collar 515. and the expansion cone 
segment assembly 51 0 in the axlai dbedion away ftrom the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 510ba are 
displaced off of the cylindrical section SOScbd and the conical section 505cbc of the 
e)q)an8lon cone segment support members SOScb. Because the collets 51 Ob of the 

10 expansion cone segment assembly 510 are resilient, the expand segments SlOba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
ofihe assembly 500. 

In several altematlve embodiments, the assembly 500 is incorporated inb the 

15 assembnes 200, 300 and/or 400. 

Referring now to Figs. 11. 11a. 12and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b. and an end slop 605a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support membere 
605bb further include first sections ecsbba having arcuate c/HnMasi outer surfiaoes, 
second sections 605bbb having arcuate conical outer surliaces, and third secflons 

25 609>bc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 Is provided that Includes a tubular 
support 610a dining a passage BlOaa for lecehdng the tubular support member 605 
and a slot 610ab. A pluraEty of spaced apart and subslantlaRy identical resllent 
expansion cone segment collets 610b extend from the tubular support 610a in the axiel 

30 direction that Indudemqwnslon cone segnnents 610ba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expenslon surfaces 610baa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubular support member 605 that includes an L-shaped retaining member 615b at one 

35 end for mating with the slot 610ab of the tubular support 610a oflhe expansion cone 
segment assembly 610. Another end of the split rin g collar 615 Includes an L-shaped 
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retaining member 615a A tubular sleeve 620 provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-6haped retaining member 61 5c of the spOt ring ooliar 615. 

During operation of the assembly 600. as illiatrated in Figs. 11 and 11a, in an 
unexpended position, ttw expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cyHndrfcal section 605bba. adjacent to 
the base of the conical section 605bbb. of the expansion cone segment support 
members 805bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 1 2 
and 12a. the assembly 600 may then be expanded by displacing the tubular sleeve 
620. the spot ring ooliar 615. and the expansion cone segment assembly 610 in the 
aM'al direction towards the expansion cone segment support nwmbere 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 
section 605bbc of the expansion cone segment support nnembers until the expansion 
cone segments impact the end stop 605& In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assembly 600. Furthermore, the conical outer surfaces 610baa of 
the expansion cone segments OtOba may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces 610baa of the 
e]q)ansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantteOy continuous outer conical surfaces in the circumferential directkm. 

The assembly 600 may then be returned to me unexpended position by 
displacing the tubular sleevB eso, the spit ring collar 615. and the expansion cone 
segmem assenibly 610 in the axitf direction aM«y finom the expansion oone segment 
sunxxt members 605bb. As a result, the expansion cone segments 610ba are 
displaced off of the cylindrical section eosbbc and the conical section 605bbb and back 
onto the cyHndrieal section 605bba of the expansion cone segment siqpport membere 
605bb. Because the collets 610b of1he«(pansion cone segment assembly 610 are 
resiRent, the expansion segments 61 Oba are ther^y returned to a position in which the 
outside diameter of the expansion cone segments is less than or equd to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is Incorporated into the 
assembDes 200, 300 and^or 400. 

Refenlng nowto Figs. 13, 13a, 13b. 13c» 14 and 14a, an embodiment of an 
adjustable expansion cone assembly 700 will be de scribed. The assembly 700 



includes a tubular support member 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705a The expansion 
cone support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantiaBy identical support members 

5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members JOStib further Include first sections 705bba having arcuate cylindrical outer 
surfaces, second secBons 705bbb having arcuate conical outer surfaces, and thbd 
sections 705bbc having arcuate ^ndrlcal outer surftees for reasons to be described. 
An expansion cone segment assembly 710 Is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that indudes a slot 710ab and a second tubular support 7i0b defining a 
passage 710ba for receiving the tubular support member 705 that Includes a plurality of 
spaced apart and substantially identical axial slots 71(X)b. A plurality of spaced apart 
and substantially identical rssllent expansion cone segment collets 710ac extend from 

15 the first tubular support 71 Oa In the axial direction and are received within 

corresponding ones of the axial slots 710bb in the second tubular support 710b that 
include substantially identical expansion cone segments 710aca extending therefrom In 
the axial direction. A plurality of spaced apart and substantiaBy identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b In 

20 the axial direction that are interleaved and overlap with the expansion cone segment 
collets 710ac and that Include substantially identical expansion cone segments 710bca 
extending therefrom In the axial direction. Each of the expansion cone segments, 
710aca and 710bca. further include arcuate conical expamion surfeoes, ZIOacaa and 
710bcaa. respediveiy. for radially expanding an expandable tubular member. A 

25 pkjranty of pins 715a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 Is provided that defines a passage 720a for receiving the 
tubular support member 705 that includes an L^haped retaining member 720b at one 
end for mating with the stot 710ab of the first tubular support 710a of tte 

30 cone segment assembly 710. Another end of the split ring collar 720 Indudes an L- 
shaped retaining member 720c A tubular sleeve 725 Is provided that defines a 
passage 725a for receWIng the tubular support member 705 that indudes a stot 7^b 
for receiving the L-shaped retaining nriember 720c of the split ring collar 720. 

During operation of the assembly 700. as illustrated in Figs. 13, 13a, 13b. and 

35 13c in an unexpended poslflon, the expand cone segments 710aca of the 
expansion cone segment assembly 710 overiap with and are positioned over the 



expansion cone segments 710bca of the expansbn cone segnient assembly, adjacent 
to the base of the conical section 705bbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As iliustrated in Figs. 14 
5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725. the split ring collar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansbn cone segments, 710aca and 710bca, are driven up the oonicai 
section 705bbb of the expansion cone segment support members 705bb and then onto 

10 the cylindrical section 705bbc of the expansion cone segment support members until 
the expansion cone segments impact the end stop 705a In this manner, the outside 
diameter of ttie expansion segments, 710aca and 710bca, Is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthemiore, 
the conical outer surfeoes, 710acaa and 710bcaa, of the expansion cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
71 Obcaa, of the expansion cone segments, 710aca and 710bca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. 

20 The assembly 700 may then be returned to the unexpanded position by 

displacing the tubular sleeve 720, the split ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion cone segment 
support members 70Sbb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off of the cyifridrical section 705bbc and the correal section 

25 70Sbbb and bade onto the cylindrical section 705bba of the expansion cone segment 
suKXxt members 705bb. Becaime the collets, 710ac and 71 Obc, of the expansion 
cone segment assembly 710 are resilient, the expansion segments. 710aca and 
710bca. are thereby returned to a position in which the outside diameter of the 
expansion cone segmente is less than or equal to the maximum diam^ of the 

30 remaining components of the assembly 700. 

In several alternative embodimente, the assembly 700 is Incorporated Mo the 
assemblies 200, 300 and/or 400. 

Refenirig to Rgs. 15 and 15a-15J, an alternative enrixxiiment of an apparatus 
800 for fomr^r^ a wellbore casing in a subterranean formation wHI now te described. 

35 The apparat^ 800 includes a tubula* support member 805 defining an internal 

passage 605a that is coupled to an end of a tubUar coupBng 810 defining an Internal 
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passage 81 Oa. The other end of ttie tubular coupling 61 0 is coupled to an end of a 
tubular support member 815 defining an internal passage 615a having a throat 
passage 81 5aa that Includes a first radial p^sage 815b, a first flarge 815c having a 
second radial passage 81 5d, a second flange 815e having opposite shoulders. 81 Sea 
5 and 815eb, a third flar^ SlSf. and an exparttion cone support body 815g. The other 
end of the tubular support men^r 81 5 is coupled to a tubular end stop 820 that 

defines a passage 820a. 

As niustrated in Figs. ISd and 15e. the expansion cone support body 81 5g 

includes a first end 815ga. a tapered hexagonal portion 81 5gb that includes a plurality 

10 ofT-shapedstotsSISgbapravkiedoneachofthettdemalfaoetedsurfacesofthe 
tapered hexagonal portion, and a second end 815gc. In an exanrtplary embodiment, 
the angle of attack of the tapered hexagonal portion 81 5gb ranges from about 35 to 50 
degrees for reasons to be deserved. 

As mustraiad in Figs. 15, 15a-15c and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that include first ends 825a that include T-shaped retaining 
membere 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within conespondlng T-shaped slots 615gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815g, first 
external surfaces 825bb, second external surfaces 825bc and third external surfaces 

20 825bd. Thus, In an exemplary embodiment a total of six expansion cone segnrwnts 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 81 5gb of the expansbn cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external eurftees 82Sbb of 
the expansion cone segments 825 Increase in the cHredion of the second external 

25 surfaces 825bc the widths of the second external surfaces are substantlaBy constant, 
and the widths of the third external surfaces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described, inan 

exempiavy embodiment, the first external surfaces 825bb of the expansion cone 
segments 825 taper upwardly the direction of the second external surfaces 825bc, 

30 the second external surfaces taper upwardly in the direction of the third external 
surfaces 825bd. and the third external surfaces 825bd taper downwardly in tto 
direction of the first ends 82Sa of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
ttctemal surfaces 825bb of the expanston cone segments 825 are greater than the 

35 angle of attack of the taper of the second external surfaces 825bc. in an exemplary 
embodiment, the first and second external surfaces . 825bb and 82Sbc of the 



3-t 

expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the diiectim of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a sutjstantially oontinuoi» 
outer dicumfenential surface for reasons to desoritied. 
5 As illustrated in Fig. ia, in an exemplary embodiment, the external surfiaoes, 

82Sbb, 82Sbc and B25bd. of the second ends 82Sb of the expansion cone segments 
825 are adapted to mate wHh one another in order to intertodc adiiacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a fbr receiving the tubular 

10 support member 815 is provided that includes a first md that includes pluralty of T- 
shaped slots 830b for receiving and mating with cwrespondhg T-staped retaining 
members 825aa of the «(pansion cone segments 825 and a second end that inductes 
an L-shaped retaining member B30c. In an exemplary embodiment, the split ring collar 
830 is a conventional spot ring ooiiar commerdaily availtd>le from Halliburton Energy 

1 5 Services modified in accordance with the teachings of the present dtedosure. 

A dog assembly 835 is provided that includes a tubular sleeve 835a that defines 
a passage 835aa fbr receiving the tubular support member 815 and includes a skit 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a countertxxB 835ac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and Is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 815f of the 
tubular support member 81 5 and is rsoeivad within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da fbr receiving the tubular 
support member 815 and a spring 835e are ateo received witMn the oountertKNB 835ac 

25 ofthetubuiarsleeveSSSabetweentheflangeSlSfandtheendofthecountertMre. 
The other end of the load bansfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a oountertMre 835fiB for receiving the fajbular sleeve 835a. a radial 
passage 83Slb fbr receiving a oonventional resilent dog 835g, a oountertMre 835fb for 
receiving and mating with the flange 81Se of the tubular support menter 815. a flange 

30 835fd, and a flange 83Sfe including countert)ores,83Sff and 835fB. that mate viWi and 
receive the flange 81 5c of the h^uitf support member, and a radial passage 835fh. 

A first conventional packer cup assembly 840 that defines a passage 440a for 
rec^ng the tubular sleeve 835f includes a first end 840b that mates with the flange 
83Sfd of the tubular sleeve 835f , a conventional sealing cup 840c and a second end 

35 840d. A tubular spacer 845 that deflnes a passage 84Sa fbr receiving the tubular 
sleeve 835f Includes s flrst end 845b that mates with the second end 840d of the first 



packer cup assembly 840 and a second end 845& A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end B45c dl the spacer 845, a 
conventional sealbig cup 850c and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800. as 
illustrated in Figs. 15 and 15a-iq, the apparatus may be initially positioned bi the 
weObore 100, within the casing 1 10. with the dog assembly 835 positioned In a neidrai 
posHlon in which the radial passage 81 5d of the tubular support member 815 is fluidicly 

10 coupled to the radial passage 835fh(rf the dog assembly 835 and the expansion cone 
segments 8^ are not driven up the tapered hexagonal pprfion 81Sgb of the expan^m 
cone support body 815g of the tubular support member 815 into contact with the stop 
member 320. in this manner, fliAlicmaterlais within the interior 81 5a of the tubular 
si4>port member 815 may pass through the radiai passages. 81 5d and 835fh, bito the 

15 annulus between the apparatus 800 and the caring 110 thereby preventing over 

pressurization of the annufus. Furthermwe, In this manner, the outside diameter of the 
expansion cone segments 825 Is less than or equal to the outside diameter of the stop 
member 820 thoeby permitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 1 6, and 16a-16c, the apparatus 800 may then be 

positioned in the tubular member 120. During the InsertfcMi of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the reslRent dog 835g of ttie dog assembly 835 thereby driving the resHient dog 835g 
backwards onto the shoulder 815ea of the flange 815e of the tubular support member 

25 815. As a result of the backwanj adal displacemmtof the resilient dog 835g. the 
tubidar sleeve 83Sf, the pin 835b. the retaining ring 835c the ring 83Sd. artd the firing 
83Se of the dog assembly 835 are driven backward thereby compressing the spring 
83Se and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansion cone segments 825 from being displaoad toward the end stop 820. 

30 The apparatus 800 may ttien be at least partiany positioned in the open hole 

secfion 115a of the weilboresectfcMi 115. beyond the kjwer end 120c of the tubular 
member120. in an exerrvlary embodiment, that portion of the apparatus 800 that 
includes the stop member 820, the exparaton cone segments 825. the spfit ring collar 
830. and the dog assembly 835 is then positk>ned in the open hole section 115a of the 

35 welbOTBsectton 11 5. beyond the lower end 120 of the tubular rnemtier for reasorn to 
bedescribed. B^use the dog 835g of the dog assembly 835 is resiient. once the 



an)afatus 800 has been positioned in the open hole section 115a ofthe wellbcre 
section 115. beyond the bwer end 120c of the tubular member 120. the resiiient dog of 
the dog assembly may spring outwardly In the radial direction. 

The apparatus 800 may then be repositioned at least partially back within the 
tubular member 1 20. During the re-insertion of ttw apparatis into the tubular member 
120. the lower end 120c of 0ie tubular member may impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog forward unlil the 
resaient dog Is positioned onto the shoulder 815eb of the flange 815e of the tubi^ 
support member 815. 

As a result of the fbnivanJ axial displacement of the resilient dog 835g. the 
tubular sleeve 83Sf. the spring 835e. the ring e35d. the ring 835c. the pin 83Sb. and the 
tubular sleeve 83Sa are displaced In the fbnward axial direction thereby also displacing 
the spilt ring collar 830 and the expansion cone segments 825 in the forward axial 
direction. As a result, the expansion cone segments B25 are driven up the tapered 
hexagonal portion 815gb of the expansion cone support body 81Sg of the tubular 
support member 81 5 into contact with the stop member 320. Furthermore, as a result 
of the fonMard axial displacement of the tubular sleeve B35f. the radial passages, 815d 
and 635fh. are fluididy decoupled. As a result fluldic materials within the tubular 
support member 815 may not pass into the annulus between the tubular support 
member and the tubular member 120. 

As a residt of the fbnward axial displacemwit of the resPlent dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the inside 
diameter of ex|»idabie tubular member 120 thereby permitting the apparatus 800 to 
be used to radlaHy expand and plastically defonn the tubular member, and fluldic 
materiate within the interior 815a of the tubular support member 815 may no longer 
pass through the radial passages. 81Sd and 455ed. into the annulus between the 
apparatiB 800 and the tubular member thereby pemtitting the interior of the a^nratus 
to be pressurized. 

The apparatus 800 may then be operated to radlaUy expand and plastically 
defonn the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by injecting a prsssurized fluldic material into the tubular 
support member. 

In particular, as lllustFated in Figs. 17 and 17a-17c the expandable miiar 
rTierTd>er 120 may then be radially expanded using the apparatus 800 by injecting a 
fluldie material 275 Into the apparatus through the passages 805a. 810a. 81 5a, and 
820a The Irijectlon of the fluidic material 275 may pressurize the Interior 120a of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa below the packer cup assen4)lles between 
the exparxlable tubular member 120 and the tubular support membw 815, the injecfion 
of the fluldic material 275 may also pressurize the annular regkm. 

The oontfaiued Injedkm of the fluidic material 275 may then pressurize the 
interior 1 20a of the expandable tubular member 120 thereby plastkaly defommng and 
radially expandlr^ the expandable tubi^r member off of the expansion cone segments 
825. Because the outer surfaces. 825bb and 825bc of the expanston cone segments 
825 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expand cone segments is fadlitaled. 
Furthennore. in an exempbiy embodiment, the continued injection of the fluidic 
material 275 ateo pressurizes the annular regkm 120aa defined between the intertor 
surface of the expandable tubular member 120 and the exterior surfiace of the tubular 
support member 815 that Is bounded on the upper end by the packer cup assembly 
840 and on the lower end by the expansion cone segments 825. Furthemwre, in an 
Bxemplaiy embodiment, the pressurtzalkm of the annular region 120aa also radially 
expands at least a portkjn of the suuoundlng portkwi of the expandable tubular member 
120. In this manner, the plastic defonnation and radial expanston of the expandable 
tubular member 120 Is enhanced. Furthennore, during operatton of the apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. h an exemplary embodiment, the 
pressurizatkm of the annular regkm 120aa decreases the operating pressures required 
for plastic defbrmatton and radial expanskm of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of atteck of the tapered extemal surfaces, 
825bb and 825bc of the expansion cone segments 825. 

The radial expansion of the expandable tubutar member 120 may then continue 
until the upper end 120b of the expandabte tubular member is radiaiiy expanded and 
plastkally defbrmed akxig with the overiapping porthm of the weilbore casing 110. 
Because the expansion cone segmente 825 may be adjustably posHtoned from an 
outsMe diameter tess than the insWe diameter of the expandable tubular member 120 
to an outeUe diameter substantiaDy equal to the inside diameter of the pre-existing 
casing 1 10, the resulting weilbore casing, including the casing 110 and the radially 
expanded tubular member 1 20, created by the operation of the apparatus 800 may 
have a single substentially constant Inside diameter thereby provWkig e mono-diameter 
weilbore casing, 
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During the radial expansion process, the expansion cone segnwits 825 may be 
rateed out of the expanded portion of the tubular nrwmber 120 by applying an upward 
axial force to the tubular support member B15. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular member 120 is expanded in order to Iteep 
the tubular nr)ember stationary relative to the new wellbore section 115. 

in a prefened embodiment when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overfap with 
one another are plastically deformed and radially expanded by the expansion cone 

10 segments 825, the expansion cone segments are dispteoed out of the wellbore 100 by 
both the operating pressure witNn the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support nrmnber 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controilably ramped down when the expansion cone segments 825 

15 reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defomwtion of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 

20 extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1.524 m) from completion of the extmslon process. 

Altemativaiy, or in combination, the wall thidcne^ of the upper end portion of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
required operating pressure for plastically defbmning and radlaily expanding the upper 

25 end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Altemattvely, or in combination, a shock absorber is provided in the tubular 
support member 805 in order to absorit) the shock caused by the sudden release of 
pressure. The shock absort)er nf>ay comprise, for exaniple, any conventional 
30 commercially available shock absort>er, bumper sub. or jars adapted for use in wellbore 
operations. 

Alternatively, or In cwTiblnation, an expansion cone catcNng structure is 
provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 825. 
35 Alternatively, or In combination, during the nexlial expanston process, an upward 

axial force is appitod to the tubular support member 815 sufficient to plastically deform 



and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc of the expansion cone segments 825. 

Alternatively, or in combination, in order to facilitate the pressurizafion of the 
interior 120a of the expandable tubular member by the ir\jecb'on of the fiiridic materials 
275. the region within the weHbore section 115 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for example, a padier. 

Once the radial expansion process is completed, the tubular support member 
805, the tubular support member 81 0, the tubular support member 815, the end stop 
S20, the expansion cone segments 825, the spBt ring collar 830. the dog assembly 835. 
the packer cup assembly 840. the spacer 845, and the packer cup assembly 850 are 

removed from the wenboree 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 815aa of the passage 81 5a of the tubular support member 81 5. 
THe continued injection of the fluidic material 275 follov»jng the placement of the ball 
280 in the throat 815aa of the passage 81 5a of the tubJar support member will then 
pressurize the radial passage 815b and an annutar portion 835fga of the counterbore 
835^. As a result of the pressurtzation of the annular portion 835fga of the 
counterbore 835fg. the tubular sleeve 835f. the pin 835b. the retaining ring 835c, the 
ring 835d. the spring 835e. and the tubular sleeve 835a of the dog assembly 835, and 
the split ring collar 830 are driven backward thereby displacing the expanaten oone 
segrnents 825 backwards in the axial direction away frwn the end stop 820. Inthls 
marmer, the outside diameter of the expanskm oone segments 825 is thereby reduced 
end the apparatus 800 may then be removed from the expandable tubular member 
120. 

Referring now to Figs. 18a, 18b, 18c and 18d, an embodiment of an acQustable 
expanston cone assembly 900 will be described. The assembly 900 includes a tubular 
support member 905 that defines a passage 905a and Includes an expanston cone 
support flange assembly 905b that is coupled to an end stop 910 that defines a 

passage 910a. The expanston cone support flange assembly 905b indudes a first 
tubular end 905ba, a second tubular end 905bb, and an intermediate hexagonal 
contoai tubular body 905bc that includes a plurality of substantially klentical and equally 
spaced apart expanston cone segment support slots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

A ptorality of first e)q)»>ston cone segments 915a^15c are provUed that 
Include T-shaped retaining members 915aa-915ca that mate with and are movaMy 



received within the T-shaped slots 905t)caa. 905bcac. and 905bcae of the hexagonal 
conical tubular body QOSbc of the expansion cone support assembly 905b. T-shaped 
retaining members 915ab-91Scb, exterior top surfaces 915ao^15cc, exterior top 
surfaces 91Sad-915od. exterior top surftees 91Sae-ei5oe, exterior top surfaces 91Saf- 
5 915cf. and exterior tq) surfaces 91Sag^15cg. In an exemplary embodiment, the 
exterior top surfaces 915ao<^5ce and the exterior top surfaces 91Sad^1Scd are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 91 5ao- 
915cc ^greater than the angle of attack of the exterior top surfaces 91Sad-915cd. 
A plurality of second expanskMi cone segments 920a^20c that are mterieavad 

10 with and complementary shaped to the first expanstonoone segments 91 Sa-915c are 
also provided fhaH Indude T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab. 905bcad. and 90Sbcaf of 
the hexagonal conkai tubular body 905bc of the expansion cone support assembly 
905b. T-shaped retaining members 920ab-920cb, exterior top surfaces 920ao-920cc. 

15 exterior top 8urfeces920ad-g20cd, exterior top surfaces 920ae-920Qe. exterior top 
surfeces 920af-920cf, and exterior top nirfacas 920ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ao-920cc and the exterior top surfeces 
920ad-920cd are arcuate conical surfaces in which the angle of attack of the exterior 
top surfaces 920ao>920cc is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring cottar 925 is provided that defirMs a passage 925a for receiving the 
tubular suntort member 905 that inckjdes an L-ehaped retaining member 925b at one 
end and another end of the split ring collar 9^ includes T-«haped slots. 925e. 925d. 
925e. 92Sf. 925g. and 925h. for mating wHh and rscsMng the T*shaped retaining 

25 members, 915ab, 920ab. 915bb, 920bb, 915cb. and 920eb. of the expansion cone 
segments. 91Sa. 920a, 915b. g20b. 915c and 920c respectively. A tubular sleeve 930 
Is provided that defines a passage 930a for receiving Ihe tubular support member 905 
end that also includes a sk)t 930b Ibr rsceMng and maOng with the L-shaped ratalning 
member 925b of the split ring coOar 925. 

30 During operatkm of the assembly 900. as ilustrated in Figs. 18a. 18b. 18c and 

18d, In an unexpended posKion, the expanskxi cone segments, 915a. 915b. 915c 
915d, 920a. 920b. 920c and 920d are positioned aljacent tothe base of the 
hexagonal conical tubular body 905bc of the expanston cone support flange 9G5b away 
from the end stop 910. In this manner, the outside diameter of the expansion cone 

35 segments is less than or equal b the maximum outsUe diameter of the assembly. 
Furthermore, in the unexpended positkx), the expansion cone segments. 915a. 915b. 



and 91 5c are poslfioned further away from the end slop 910 than the e9q)an8ion cone 

segments, 9208. 920b, and 920a 

As illustrated in Figs. 19 and 19a. the a8semt)iy 900 msQf then be expanded by 

displacing the tubular sleeve 930 and the split ring coBar 925 in the axial dlrectfon 

5 towards the expansion cone segment support members 705bb. As a resuR. the 
e)«nnsion cone segments. 915a, 915b. 916c 920a. 920b, 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. In this manner, the outside 
diameter of the expansion segments. 915a, 915b, 915c 920a, 920b. and 920c is 

10 greater than the maximum diameter of the remaining components of the assembly 900. 
Furthemiore, the conical outer surfaces. 915ac 915bc, 915cc 920ac 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 9l5b. 915c 920a. 920b. and 920c, 
respectively, may rww be used to radially expand a tubular member. In an exemplary 

15 embodiment, the outer conical surfaces. 915ac 915bc. 9t5cc 920ac 920bc and 

920CC and the conical outer surfaces. 915ad. 915bd, 915cd, 920ad, 920bd, and 920cd 
of the expansion cone seflments. 915a. 915b. 915c, 920a, 920b. and 920c 
respectively. In ttie expanded position of the assembly 90O. provide a substantially 
continuous outer conical surfaces in the circumferential direction. Furthemwre. note 

20 that in the expanded position of me assembly 900. the flrsl set of expansion cone 
segments. 915a, 915b, and 915c are brought into alignment with the second set of 
expansion cone segments, 920a, 92(tt>, and 920c 

The assembly 900 may then be returned to the unexpended position by 
dteplaeing the tubular sleeve 930 and the spBt ring collar 925 in the axial direcUon away 

25 fiom the end slop 910. As a result, the expansion cone segments, 916a, 915b, 915c 
9208. 920b. and 920c are dispiaoed away from the end top 910, down the conical 
hexagonal tubular men*er 905bc and thereby are returned to a position in which the 

outside diameter of the expansion cone segments Is less than or equalto the maximum 
diameter of the remaining components of the assembly 900. 
30 In several alternative embodiments, the assembly 900 Is incorporated into the 

assembOes 200, 300. 400. and 800. 

Referring to F^. 20a. an embodiment of an expansion cone segment assembly 
1000 Includes interlocking expansion cone segments, 1000a. 1000b, 1000c 1000d, 
lOOOe, and lOOOf. 
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Referring to Fig. 20b. an embodiment of an expansion cone segment assembly 
1100 includes Interlocking expansion cone segmoits, 1100a, 1100b, 1100c 1 lOOd, 
1100e.and1100f. 

Referring to Fig. 20c an embodiment of an expansion cone segment assembly 
5 1200 includes intertoddng expansion cone segments, 1200a, 1200b, 1200c, 1200d, 
1200e.and1200f. 

Referring to Fig. 20d. an embodbnent of an expansion cone segment assembly 
1300 includes intertoddr^ expansion cone segments, laXta, 1300b, 1300c 1300d, 
1300e,and1300f. 

10 Referring to Fig. 2te, an embodiment of an expansion cone segment assenti)ly 

1400 includes intertoddng expansion cone segments, 1400a, 1400b. 1400c 1400d. 
1400e, and 1400f. 

Refentig to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes interkx*ing expansion cone segments, ISOOa. ISOOb, 1500c 1500d, 
15 1500e,and1500f. 

Referring to Fig. 20g, an embodiment of an expan»on cone segment assemtily 
1600 includes interiocking expansion cone segments. 1600a, 1600b. 1600c 1600d, 
16008, and 1600f. 

Refening to Fig. 20f>, an embodiment of an expansion cone segment assembly 
20 1700 includes interlocking expansion cone segments. 1700a. 1700b. 1700c. 1700d. 
1700e.and1700f. 

Referring to Fig. 20i, an embodiment of an expansion cone segment assembly 
1800 includes Interlocking expanskm cone segments. 1800a. 1800b. 1800c. 1800d. 
1800e,and1800f. 

25 i^efBrring to ng.20|, an embodiment of an ejqpansion cone segment assembly 

1900 includes Interfcwking expansion cone segments. 1900a. lOOOb. 1900c 1900d. 
1900e.and1900f. 

Referring to Fig. 20k. an embodiment of an expanston cone segment assembly 
2000 includes intertocking expansion cone segments, 2000a. 2000b. 2000c 2000d. 
30 2000e, and 2000f. 

Referring to Rg. 201, an embodiment of an expansion cone segment assembly 
2100 includes intertocking expansion oone segments, 2100a. 2100b. 2100c 2100d. 
2l0Oe.and210Of. 

Referring to Fig. 20m. an embodinrwnt of an expaieton cone segment assembly 

35 2200 Includes interiocking expansion cone segments. 220te, 2200b. 2200c 2200d, 
2200e^and2200f. 



The expansion oone segment assentblies 1(KK), 1100, 12CK), 1300, 1400. 1500, 
1600, 1700, 1800, 1900, 2000, 2100, and 2200 provide enhanced operational 
properties sudi as. for example, efficient radial expansion of e)q>andable tutxjiar 
members and durability during operatim. 
5 In several aRamatlve embodiments, the design and operational features of the 

apparatus 200. 300. 400. 500. 600. 700, 800, 900. 1000, 1 100. 1200. 1300. 1400. 
1500, 1600. 1700. 1800. 1900, 2000. 2100. and 2200 may be combined, in whole or in 
part, and/or the de^n and operation^ elements of the apparatus 200, 300, 400, 500, 
600. 700. 800. 900. 1000, 1100, 1200, 1300, 1400, 1500. 1600, 1700. 1800. 1900, 
10 2000, 2100. and 2200 may be interspersed among each Other. 

In several altemative embodiments, the apparatus 200, 300, 400. 500l 600, 
700. 800. 900. and 1000. 1100. 1200. 1300, 1400. 1500. 1600. 1700. 1800. 1900. 
2000. 2100, and 2200 may be used toform or repdr welbore eatings, p^llnes, or 
structural supports. 

1 5 In several altemative embodiments, the apparatus 200. 300. 400. 500, 600. 

700. BOO, 900. 1000. 1100, 1200, 1300. 1400. 1500, 1600, 1700, 1800. 1900, 2000. 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a multi-sided body. 

20 In several altemative embodinients, the design and operation of the apparatus 

200. 300. 400. 500. 600. 700. 800. 900. 1000, 1100, 1200. 1300, 1400, 1500. 1600. 
1700. 1 BOO, 1900. 2000, 2100. and 2200 are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial na 09M54.139. attonney 
docket no. 25791.03.02. filed on 12^1999, (2) U.S. patent appHcation serial no. 

25 09/510,913. attorney dodwt no. 25791.7.02. filed on 2/23/2000. (3) U.8. patent 

application serial no. 09/502.350, attonrtey dodcet no. 25791 .8.02. filed on 2/10/2000. 
(4) U.S. patent applcalian serial no. 09/440.338. attorney dodtet no. 25791.9.02. filed 
on 11/15/1999. (5) U.S. patent appOcalton serial no. 09/523.460. attorney dodcetna 
25791 .1 1.02. filed on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. 

30 attorney dodwt no. 25791.12.02. filed on 2/2472000. (7) U.S. patent application serial 
no. 09^11.941. attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent 
application serial no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000, 
(9) U.S. patent appOcaticn serial no. 09/559.1 22. attorney docket no. 25791 .23.02. filed 
on 4/26/2000. (10) PCT patent appHcatton serial no. PCTAJS00/1B635. attorney docket 

35 no. 25791.25.02. filed on 7/9/2000, (11) U.S. provistonal patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provistonal 
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patent appBcation serial no. 60/154.047. attorney docket no. 25791.29, fSed on 
9/16/1999, (13) U.S. prowJsjonal patent application serial no. 60/159,082, attorney 
docket no. 25791 .34. filed on 10/12/1999. (14) U.S. provlstonal patent application serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
5 provisional patent appllcatton serial no. 60/159,(B3. attorney docket no. 25791 .37. filed 
on 10/12/1999. (16) U.8. provisional patent application serial no. 60/212.359, attomey 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provlstonal patent appBcatton serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 1 1/12/1999. (18) U.S. 
provlstonal patent applteatton aerial no. 60«21 ,443, attomey docket no. 25791 .45, filed 
10 on 7/28G000. (19) U.S. provtelonal patent appDcatton serial no. 60/221 .645. attomey 
docket na 25791.46, filed on 7/28C000. (20) U.S. provisional patent application serial 
no. 60«33.63B. attorney docket na 25791.47, filed on 9/18/2000, (21) U.S. provlstonal 
patent appltoatlon serial no. 60/237.334. attomey docket no. 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent application serial no. 60/270.007, attomey 
15 docket no. 25791 .50, filed on 2«0/2001; and (23) U.S. provlstonal patent appllcatton 
serial no. 60/262.434, attomey docket no. 25791 .51, filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259.486. attomey docket no. 25791.52. filed 
on 1/3/2001, the dtedosures of wtiicti are Incorporated tierein by reference. 

Alttiough Illustrative embodiments of tt\e Inventton have been shown and 
20 described, a wide range of modification, changes and subsHtutton Is contemplated In 
the foregoing disdosure. Accordingly, it is appropriate thai the appended claims be 
constnied broadly. 



Cialnis 

1. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an acQustable 
expansion device movaWy coupled to the tubular support member, and an actuator 
5 mowably coupled to the tubular support member for adjusting the acQustable expansion 

device, comprising: 

coupling a first end of the expandable tubular riwnber to a tubular structure: 

inserting the apparatus into the first end of the expandable tubular member In a 

fffst direction; 

10 dlspiacingtheactuatoroftheapparatusinaseconddirectionopposltetothe 
first direction; 

applying a resnient biasing force to the adjustable expansion device in the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
15 6f9 second end of the expandable tubular member. 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular manber in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
20 tubular member in the first direction; arwl 

piasticaliy deforming and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member In the 
second direction. 

25 Z Themelhodofclalm1.^r8indlsplacingthBactuatoroftheapparato8inthe 

second direction comprises: 

Impacting the actuator with the first end of the expandable tubular member. 

3. The method of daiml. wherein displacing the actuator and the adjustable 
30 Mpansion device relative to the expandable tubular member in the first direcBon 

comprtees: 

impacting the actuator v«ith the second end of the expandable tubular member. 

4. The method of dalml. wherein moving the adjuslabte expansion device through 

35 the expandable tobular menraber comprises: 

putting the adjustable expansion device through the expandabte tubular 



member. 

5. The mettod of daim 1 , further ccxnpristng: 

fluididy sealing the interface betM^een the tubular support member of the 
5 apparatus and the expandabte tubular memben 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plastically deferring and radially expanding a^ 
tubular member, comprising: 

a tubular support member 

an adjustable expansion device movably coupled to the tubular support 
member 

15 actuating means for aduating the adjustable expansion device; 

means for dis(riacing the actuating means of the apparatus In a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing tiie outside diameter of the adjustable expanston device 
20 by displacing flie actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

7. The apparatus of daim 6, wherein the means for dteplacing the actuating means 
of the apparatus In ttie first direction comprises: 

25 means for impacting the actuating means. 

8. The apparatus of daim 6, wherein the means for displadng the actuating means 
and the adjustable expandon device relative to the expandable tubular member in the 
second direction comprises: 

30 means for impacting the actuating means. * 
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